Abstract
prescription drugs. 4 The syndrome is diagnosed in 55% to 94% of newborns exposed to opioids in utero, and it is commonly a comorbid diagnosis with other conditions such as low birth weight, preterm birth, and intrauterine growth retardation. 3 In addition, the total hospital charges for NAS reached $1.5 billion in 2012, with 81% of costs charged to respective state Medicaid programs. 5 From 2000 to 2009, maternal opiate use during pregnancy increased from 1.19 to 5.63 per 1,000 hospital births, and from 2000 to 2012, the incidence of NAS in the United States increased nearly 500% from 1.2 to 5.8 per 1,000 hospital births per year. 5, 6 In 2012, nationwide geographic variations in NAS showed that the largest rates occurred in the East South Central parts of the country (Kentucky, Tennessee, Mississippi, and Alabama) with 16.2 per 1,000 live births. 5 Minimal research has addressed NAS and neonatal in utero substance exposure in rural settings, as granularity of the geographic national variation in NAS study findings do not include specific state and substate rates.
Although substance use in pregnancy is a concern nationwide, the state of West Virginia (WV) faces distinct challenges due to issues related to rurality, poverty, 7 and drug use. WV is ranked as the third most rural state, with a population of 950,184 residing in 2010 Census Bureaudefined rural areas. 8 Rural areas are defined as all population, housing, and territory encompassing less than 2,500 people. 8 In addition, it is the only state completely immersed within the Appalachian region. 9 WV has the highest age-adjusted death rate from drug poisoning in the country (36.3 per 100,000 population) and the thirdhighest prescribing rate of opioid analgesics (137.6 per 100 people). 10 In terms of neonatal substance exposure, a 2009 study that analyzed umbilical cord tissue samples from 8 birthing hospitals located across WV showed that 19.2% of infants were antenatally exposed to licit/illicit drugs and alcohol, excluding nicotine. 11 Substance use during pregnancy is more common among women residing in rural areas. [12] [13] [14] [15] Rural pregnant women have increased rates of prescription opiate, benzodiazepine, and injection drug use compared to pregnant women from urban areas. 13 In addition to increased drug use, pregnant women with opioid use disorders are faced with societal stigmas and lowered accessibility to substance abuse treatment in rural areas where lack of resources and greater disparities exist. [16] [17] [18] [19] With the increase in antepartum opiate use, NAS diagnosis, and hospital utilization, NAS is a major public health concern. There is no WV statewide or regional estimate of the incidence of NAS, thus the purpose of this study is to outline the scope of the problem in the primarily rural state of WV. The primary objectives were to examine state-and region-level NAS and drug-specific trends between 2007 and 2013, as well as to present infant patient characteristics associated with NAS and hospital-level NAS rates for WV birthing hospitals.
Methods

Data Source and Identification of Sample
A serial cross-sectional analysis was conducted with data from the WV Health Care Authority (HCA), Uniform Billing Database (UB). The claims data represented 35 hospitals and were collected at the conclusion of every year from 2007 to 2013. The HCA provided deidentified hospital inpatient discharges of WV resident newborn admissions that were delivered in-state, excluding stillborn (International Classification of Diseases, 9th Revision, Clinical Modification [ICD9-CM] code 779.9) and HIV diagnoses. Specifically, patient-level geographical locations were taken from ZIP codes of hospital patients' home addresses and newborn admissions referred to admission for delivery as well as readmissions or hospital transfers. Multiple birth pregnancies were counted as separate live births. The UB data reflect the final amount billed/charged on the newborn's claim and not the total cost of delivery; therefore, a health care expenditure analysis was not conducted.
Infants born in hospitals that delivered 10 newborns or fewer within the 7-year period were excluded from the study (ie, 5 hospitals and 15 newborns). None of the newborns that were excluded due to place of delivery were diagnosed with NAS. In addition, the excluded hospitals were proportionally distributed across the state. This exclusion helped eliminate bias, as these infants could have been diagnosed and treated differently than those delivered at registered birthing centers.
Newborns were also excluded from the study if they were diagnosed with any of the following conditions (n = 758): intraventricular hemorrhage (ICD9-CM, 772.1x), periventricular leukomalacia (ICD9-CM, 779.7), necrotizing enterocolitis (ICD9-CM, 777.5x), spontaneous intestinal perforation (ICD9-CM, 777.6), or bronchopulmonary dysplasia (ICD9-CM, 770.7). These newborns were likely to have prolonged length of stay in the hospital and were more likely to have received opiate medication resulting in iatrogenic NAS. Likely iatrogenic NAS cases were excluded from the study because the etiology of withdrawal differs from antenatal exposed NAS. 6 Total excluded cases equal less than 1% of the baseline population (ie, 0.99% of 120,378 observations). presence of an ICD9-CM 779.5: "Drug withdrawal syndrome in newborn" diagnosis (diagnostic fields 2-18). NAS IR includes infants treated nonpharmacologically as well as those treated pharmacologically (ie, with morphine or methadone as the first-line regimen). The denominator for "live births" was derived from the patient hospital admission type 4, or "newborn" admission. Type of admission was coded according to official UB-04 data specifications from the National Uniform Billing Committee. This method was favored over use of V30x principal diagnostic codes because infants could possibly experience premature discharge from the hospital prior to the onset of withdrawal symptoms. 3, 20, 21 Therefore, NAS could be diagnosed outside of the original hospital admission (ie, at time of delivery).
In order to comply with the federal Health Insurance Portability and Accountability Act privacy standards, the data were aggregated by 6 geographic substate regions predefined by the Substance Abuse and Mental Health Services Administration (SAMHSA) 2008-2010 NSDUH report ( Figure 1 ). The geographic presence of substance use-related issues varied greatly within each state. Therefore, SAMHSA created predefined substate regions to more accurately measure and address the public health problem. 22 WV substate regions were defined as county groupings that covered the entire state via a collaboration between state substance abuse agency and SAMHSA representatives. 22 Neonatal substance exposure diagnosis (yes, no) was the secondary outcome of interest. The ICD9-CM codes associated with noxious substances affecting infants and breastfeeding children (760.7x) were captured to identify the type and magnitude of exposure. These diagnoses represent exposure to narcotics, including heroin and prescription opioid analgesics (760.72), hallucinogens (760.73), and cocaine (760.75). Exposure codes are recorded at the discretion of the health care provider/medical coder and represent a combination of maternal self-report and maternal/neonatal drug screen results.
Descriptive Variables
Descriptive patient-level characteristics associated with substance use and obstetric/neonatal health outcomes were analyzed. These variables included the newborn's gender, hospital length of stay, clinical conditions, in utero substance exposure, and mother's insurance type. Seizures, adverse respiratory symptoms, and feeding difficulties are clinical conditions associated with NAS diagnosis. 
Statistical Analysis
NAS IRs were calculated using the number of NAS diagnoses as the numerator and the respective number of live births in the denominator and multiplied by 1,000 to obtain IRs per 1,000 live births by region and year. This measure of infant morbidity captures newly occurring NAS diagnoses, which exhibit short duration and occur only once during infancy. 24 Therefore, each newborn's person time at risk was equal to 1 unit (ie, the number of annual live births). Statewide data were analyzed first and then the data were further broken down into region-specific outcomes.
The outcome was visually demonstrated via annual comparative WV region maps utilizing ArcGIS 10.2.
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NAS IRs were stratified, in order to be representative of the SAMHSA 6 WV substate regions ( Figure 1 ). 22 Stratified by birthing hospitals, the hospital-level NAS IRs were represented by the diameter of circles on the GIS regional map ( Figure 2 ).
To assess overall differences in proportions of newborns with and without NAS by year, the MantelHaenszel chi-square (χ 2 MH ) test was stratified by both region and hospital. 26 Additionally, the CochranArmitage test (Z) for trend was utilized to test for linear trends in the proportion of NAS diagnosis from 2007 to 2013. Differences among delivery characteristics (ie, neonatal length of stay, insurance type, and clinical diagnoses) and NAS diagnosis were tested using the Pearson chi-square (χ 2 ) test for categorical characteristics and the Wilcoxon Ranked-Sum test (z) for continuous characteristics. An a priori 2-sided type 1 error of 5% was considered statistically significant. Statistical analyses were conducted using SAS 9.4 (SAS Institute Inc., Cary, North Carolina). Ethical approval for this study was obtained from the Institutional Review Board at the academic institution of the authors.
Results
NAS and Exposure
Overall, this study analyzed 119,605 live births with 1,974 NAS diagnoses (ie, a total of 16.5 per 1,000 live births; Figure 2 ). The number of NAS cases diagnosed at time of birth (ie, the number of NAS cases with a V30x principal diagnosis) were 1,942 or 98.4% of the total NAS cases. With regard to rates over time, between 2007 and 2013 the statewide rate of newborns diagnosed with NAS significantly increased from 7.74 to 31.57 per 1,000 live births per year (Z: -19.10, P < .0001). There were statistically significant differences in the magnitude of the trend in NAS IR by region; region 1 (Z: -4.73, P < .0001), region 3 (Z: -2.41, P = .016), region 4 (Z: -10.51, P < .0001), region 5 (Z: -8.00, P < .0001), and region 6 (Z: -18.77, P < .0001) significantly increased over time. In 2013, the southeastern region of the state (ie, region 5) had the highest NAS IR of 48.76 per 1,000 live births. There was no significant trend of NAS diagnoses in region 2 (Z: -0.002, P = .999). After adjusting for regional variation, there was an overall significant increase in NAS diagnoses from 2007 to 2013 (χ 2 MH = 429.78, 6 df, P < .0001). Between 2007 and 2013, the statewide rate of newborns diagnosed with neonatal substance exposure per 1,000 live births significantly increased from 1.89 to 8.09 for narcotics (Z: -9.56, P < .0001; Figure 3 ). Region-specific narcotic-exposed diagnoses significantly increased over time in regions 1 (Z: -5.30, P < .0001), 2 (Z: -4.24, P < .0001), 3 (Z: -2.02, P = .04), 4 (Z: -8.46, P < .0001), and 6 (Z: -2.52, P = .01). Neonatal exposure diagnoses did not differ over time in region 5 (Z: 0.84, P = .40). After controlling for region differences, the NAS IR trend was statistically significant (χ 
Characteristics by NAS Diagnosis
Infants with a primary or secondary NAS diagnosis were more likely to exhibit respiratory issues (χ 2 : 366.01, 
Conclusions NAS and Exposure
This study was the first to assess the IR of NAS throughout the predominantly rural state of WV. Between 2007 and 2013, WV NAS rates increased over 4-fold. Although the upward trend was expected, the increase of annual NAS rates was over 3-fold in WV compared to national estimates between 2009 and 2012. 5, 6 In 2009, WV's NAS IR was 3.5 times as high as nationwide rates (3.4 vs 11.8 NAS per 1,000 live births). 6 The same year, Ohio reported an NAS rate of about 5 cases per 1,000 live births and Vermont found an NAS and opioid exposure rate of 24.2 per 1,000 live births. 27, 28 Vermont's rate was likely higher because it utilized a different case definition (ie, all opioidexposed infants and/or infants diagnosed with NAS). 27 Heterogeneous case definitions can result in faulty comparative estimates that may lead to inappropriate distribution of resources. This example highlights the importance of national standardized diagnostic criteria. In 2010, WV's NAS IR was over 3 times as high as nationwide estimates (14.7 vs 4.8 NAS per 1,000 live births). 5 In 2011, WV's statewide NAS IR was 16.9 per 1,000 live births, which was higher than the national average (5.0) and various state-specific rates in Tennessee (8.5), Kentucky (13.2), and Florida (7.52) in the same year. 5, 29 Between 2007 and 2013, this study showed the rate of neonatal substance exposure diagnosis increased over 4-fold for narcotics while neonatal cocaine exposure decreased over 2-fold and hallucinogens remained stable. Further examination of a potential shift in maternal drug use is indicated. Although national estimates of neonatal substance exposure via the ICD9-CM diagnostic codes 760.7x are not currently available, Ohio reported similar patterns to WV between 2004 and 2011 of neonatal narcotic, cocaine, and hallucinogen substance exposure. 28 In addition, nationwide data during this time period showed that opioid-related overdose deaths and substance abuse treatment admission discharges vastly increased, while these estimates decreased for cocaine-related deaths and treatment admissions. 30, 31 A drastic increase in the environmental availability of
The Journal of Rural Health 33 (2017) 92-101 c 2016 National Rural Health Association prescription narcotics (ie, increased prescriptions written and dispensed, greater social acceptability for nonmedical use, and pharmaceutical marketing) could explain the increase in neonatal opioid and other noxious substance exposure resulting in the quadrupled NAS rates.
Geographic and Time Trend Variations
In this study, NAS rates differed by WV residential substate SAMHSA regions, with the highest occurring in the southeastern part of the state. This finding is congruent with other data, as age-adjusted death rates due to drug poisoning per 100,000 WV residents was the highest in the south between 1999 and 2009. 32 In addition, other characteristics associated with substance use and obstetric/neonatal health outcomes were found to be higher among residents from the respective area, compared to the rest of the state. According to the 2010 WV Vital Statistics, the highest percentages of low birthweight babies, mothers less than 18 years of age at delivery, no prenatal care, and congenital anomalies occurred among residents from the southeastern regions of WV. 9 This area also had the highest prevalence of nonmedical use of pain relievers (12 or older) and drug/narcotic-related arrest. 22, 33 Compounding the challenges, treatment facilities are unevenly available throughout WV. Throughout the study period, there were 9 WV federally funded opioid maintenance therapy (OMT) facilities that accepted pregnant women for the recommended OMT treatment, of which only 1 was located in the southeastern area of WV (Figure 1) . 34 Although OMT can result in NAS, the therapy is preferred over continued illegal substance use in order to improve obstetric and neonatal outcomes via decreased maternal illicit behaviors, improved prenatal care, and elimination of acute intoxication and withdrawal during pregnancy. 23, 35 Therefore, higher regional occurrence of adverse obstetric and neonatal health outcomes could be linked to the lack of available treatment options for this vulnerable population. 35, 36 An examination of time trends by region showed that incidence of NAS rates first rose in the Eastern Panhandle and during subsequent years rose throughout WV, with the highest IR in the southern regions of the state. The high initial NAS rate in the Eastern Panhandle may explain why NAS IR trends were not statistically significant in region 2. Although statistically significant, the NAS IR growth in region 3 was not substantial because many high-risk women residing on the Ohio-WV border likely delivered their newborn at a closer level 3 NICU in Ohio. These women would not be captured in the data set, as they did not deliver in-state. Aside from the inherent risk factors mentioned above, this statewide trend could have resulted from potential drug trafficking routes and increased medical awareness. The Office of National Drug Control Policy has identified 11 southern WV counties (9 located in region 6 and 2 in region 5) as high-intensity drug trafficking areas due to the Appalachian drug abuse problem. 37 Geographically, the US 19 corridor is also a high-intensity drug trafficking area because of the flow of prescription pills from Florida throughout Appalachia. 38 Additionally, WV is located in the middle of drug trafficking routes on major highways connecting the West and Southwest regions to the profitable East Coast markets. 39 A heightened medical awareness may also increase rates of NAS diagnoses over time. There could be more accurate diagnosis in areas around major medical centers and hospitals located on the Ohio, Maryland, and Virginia borders. Although provider awareness of NAS and its signs/symptoms could contribute to the increasing trend, the opioid epidemic literature, along with this study finding of increased neonatal substance exposure, suggest increased rates are a result of actual use during the perinatal period.
Along with regional differences, NAS IR varied by hospital. High-risk patients are more likely to deliver at the closest hospital capable of dealing with fetal and/or maternal complications. During the study period, the level III NICU hospitals, those capable of treating NAS-diagnosed infants, had comparatively high NAS cases per 1,000 live births. These hospitals were located in regions 6 and 4, potentially resulting in more accessibility to patients residing in those regions. There was no clear pattern of regional differences among diagnosed neonatal substance use exposure. In addition, NAS rates were greater than substance exposure rates, thus they did not mirror each other. These findings indicate WV greatly underutilizes neonatal substance exposure codes (ie, the 760.7x ICD9-CM codes). NAS-related reporting and surveillance would be improved if practitioners diagnosed every NAS infant with respective exposure codes. Reporting improvements would also occur if policy recommendations included adding NAS to WV's list of reportable diseases, implemented an interoperable insurance/hospital system, and created a statewide standardized surveillance system to track NAS. 40 
NAS Associated Impact
The significant associations between NAS and neonatal clinical conditions (ie, respiratory issues, feeding difficulties, and seizures) as well as NAS and substance exposure (ie, narcotics, hallucinogens, and cocaine), are consistent with existing research. 3, 27, 41 As expected, infants diagnosed with NAS were also more likely to be covered by Medicaid and have a longer hospital length of stay. 5, 6, 42 The average hospital length of stay for NAS infants in WV was 12.7 days (a median of 8 with an interquartile range of 4 to 18), shorter than the average national estimate of 16 days. In contrast, the WV average length of stay for newborns not diagnosed with NAS was 2.86 days (a median of 2 with an interquartile range of 2 to 3), equivalent to the US average of 3 days. 6 As highlighted by associated neonatal comorbidity and longer hospital length of stay, the impact of NAS to WV is substantial. Addressing this high cost and medical resource-intensive public health issue involves a multifaceted approach to policy, interventions, and evaluation of systematic efforts. Rural pregnant women with substance use disorders have unique treatment needs 14 ; therefore, future research is needed to identify optional substance use treatment and potential barriers to treatment access for this population.
From the primary prevention standpoint, it is important that efforts are made to deter opioid misuse during the preconception period. Increased patient-provider discussions regarding the risks and potential benefits of opiate use during pregnancy can help minimize the emerging public health threat of NAS. 43 Patient-provider discussions can serve as an opportunity to reduce the amount of antenatal opiate use and unintended pregnancies via screening for substance use, educating women of childbearing potential about associated maternal and infant health risks, and encouraging appropriate use of contraceptive devices to avoid fetal substance exposure. 29 Additional prevention measures include prescribing clinicians' use of the state prescription drug monitoring program and required counsel about risk of opiate use during pregnancy to women of childbearing age who are prescribed narcotics.
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Limitations
There are inherent limitations to using hospital discharge data. The HCA-UB data were created for payment use; therefore, it is restrictive in its use to research a statewide health condition. Hospital charges might not translate to actual costs because charges are often negotiated by payers, and costs can be separated via mother and infant claims; thus a cost analysis was not conducted. In addition, hospital billing practices could change over time. Overall, population-based surveillance is dependent on accurate and homogenous statewide coding from documenting a condition in the medical records to being coded in the discharge abstract. Furthermore, hospital billing data may underreport the diagnosis of NAS and neonatal substance exposure, especially when not all newborns are drug-screened and exposure status is based on maternal self-report. 5, 6, 27, 44 It may be difficult to draw conclusions based on underreporting of neonatal in utero exposure diagnoses, particularly if there was regional variation in accuracy of reporting.
Statewide identifiable data were unavailable; therefore, hospital admissions/discharges rather than individual patients were the units of observation. Although unlikely, NAS discharges may result in duplication when the same patient (ie, a newborn) has multiple hospital admissions. This would potentially underestimate NAS rates because it could increase the total population (ie, denominator), while the NAS cases (numerator) would remain constant as this condition is likely to be diagnosed at the first hospital admission. In fact, this study found 98.4% of the NAS cases were diagnosed at time of birth (ie, first hospital admission). Although innate data source limitations exist, the HCA-UB is retrospectively the best approach to obtaining a statewide NAS rate of WV residents because it is currently the only data source that captures all insurance types. Strictly using Medicaid data would overestimate NAS rates, as it would mostly capture the at-risk population. 44 
Conclusion
This study provides further public health justification to increase efforts aimed at reversing the NAS-associated burden within rural areas. Newborns with NAS were more likely to present other clinical conditions, experience longer hospital length of stay, and be insured by Medicaid. WV statewide neonatal diagnostic rates of both NAS and narcotic exposure have greatly increased. Public health interventions and treatment programs for this vulnerable population are especially important in the southeastern region of WV. Inherent limitations of currently available data to study NAS also need to be addressed. Health care providers and medical coders should better utilize the neonatal substance exposure codes and provide standardized patient-level identified data for future public health research and quality improvement initiatives.
Implications of the study findings can be applicable outside of WV because if NAS rates continue to rise in Appalachia other rural states might face similar issues. Women residing in rural areas are more likely to use opiate substances during pregnancy and live in medically underserved areas compared to their urban counterparts. 13, 45 This is problematic as rural states generally are less equipped to handle the emerging public health threat of NAS. 46 Therefore, surveillance and early identification of an emerging issue should be encouraged to better prepare preventive and treatment efforts.
